MORRALL, R. A. A. 1974. Soil microfungi associated with aspen in Sasl<atchewan: synecology and quantitative analysis. Can. J. Bot. 52: 1803-1817. The soil microfungi associated tvith 26 communities of aspen (Poprrlus trernriloides) in Saskatchewan were investigated using a dilution plate technique. Frequency values for the taxonomic entities isolated were calculated, based on occurrence at six sampling sites in each community. Most of the entities were quantitatively rare. The frequency values of the 51 commonest entities were used for quantitative analysis of microfungal community relationships by principal components analysis and by agglomerative classification. These analyses demonstrated only limited correlations of microfungal community structure and species performance with the edaphic and vegetational factors studied. The microfungal communities of aspen stands in the boreal forest region of Saskatchewan appeared to be a distinctive grou characterized by the abundance of Morliereiln spp. The remaining communities, from all otEer parts of the province, were distinct from the boreal communities but did not form other discrete groups. Many of them contained a substantial number of species which are common grassland soil microfungi, such as Filsnri~un spp. Almost all the common species found in aspen soils in this study have been reported previously from soil. MORRALL, R. A. A. 1974. Soil microfungi associated with aspen in Saskatchewan: synecology and quantitative analysis. Can. J. Bot. 52: 1803-1817. On a CtudiC les champignons du sol de 26 communautCs de Poplrllis tremnloides en Saskatchewan, par la mCthode des plaques. Les frCquences des taxons isoles ont CtC calculCes, fondCes sur leur prCsence B six sites de prClevement dans chaque communautC. La plupart des taxons Ctaient peu represent&. Les frCquences des 51 taxons les plus courants ont CtC employCes pour les analyses quantitatives des relations entre les communautCs; deux mithodes ont CtC em-ployCes: l'analyse des composantes principales et la classification agglomirative. Les analyses n'ont dCmontrC que des corrClations IimitCes entre la structure des communautCs ou la frCquence des espkces et quelques facteurs Cdaphiques et la vigetation sous couvert forestier. Les communautCs des champignons du sol au voisinage de P. tremirloides dans la region de la forst boreale de Saskatchewan constituent un groupe distinct, caracterisi par l'abondance de Mortierella spp. Les communautCs des autres parties de la province sont d~ffkrentes des communautCs borCales, mais elles ne se divisent pas en groupes distincts. La plupart de ces communautCs posskdent des espkces de champignons du sol qui sont typiques des prairies, par exemple Flisnrillm spp. Pratiquement toutes les espkces qui sont courantes dans les sols B P. tren~rrloides ont CtC dCja isolCes dans d'autres sols.
Introduction
Some of the most detailed ecological studies of soil fungi in the last 20 years have been done in Wisconsin (8, 9, 10, 19, 20, 31, 35, 45) , where a major effort has been made to correlate soil microfungal communities with dominant vegetation types. Although these and other studies (e.g. 5, 13, 17, 18, 26, 37, 38, 40, 46) have changed ideas of the distribution of soil fungi, they have not, for the most part, provided a much greater understanding of the environmental factors which control distribution patterns. While it may be unreasonable to expect synecological studies to elucidate such factors, the fact that most of the Wisconsin surveys included a fairly wide range of dominant vegetation types, with only a few stands of each type, may have limited their chances of identifying specific limiting factors, even though general correlations were demonstrated. Autecological studies have more potential in the study of limiting factors, but such studies on soil fungi have been few so far (1 I , 12, 16, 22, 27, 32, 36, 41) because they are timeconsuming. Moreover, each usually provides information on only a few species or a few environmental factors.
The principal purpose of the present study was to survey soil microfungi associated with a single dominant plant species (trembling aspen, Popitlus tremuloides Michx.) over a relatively wide geographic and ecological range. It was hoped that, by eliminating dominant vegetation as a factor, correlations between other environmental factors ' Revised manuscript received March 25, 1974. and microfungal species presence or performance might be more apparent than in other studies. Failing that, it was expected to select some species with interesting distributions for autecological study and some locations for study by environmental manipulation. A final objective was simply to add to existing knowledge of Saskatchewan soil fungi, which, especially in relation to native vegetation, is very slight (3, 4, 30, 42) . Populus trernuloides provided an ideal dominant plant species for the study because of its wide distribution in Saskatchewan (25) . In fact, it has the widest distribution of any tree in North America (6, 21) .
Study Area
In Saskatchewan the major vegetational and soil zones ( Fig. 1 ) run roughly diagonally across the province from northwest to southeast (28) . In the north, aspen forms an important constituent of upland boreal forest on grey wooded soils. It is a pioneer species which frequently occurs in monodominant stands, but it may also be mixed with other species, such as white spruce, Picea glazlca (Moench) Voss, which can succeed it (15) . To the south of the boreal forest there exists a broad vegetational belt sometimes referred to as the aspen parkland (2, 25) . This is centered on the black soil zone, but it also covers the transition (dark grey) zone to the north and extends into the dark brown soil zone to the south. In the parkland, aspen occurs in groves that vary from a few square meters to many hectares in extent. ~h e s e form a mosaic with natural grasslands and, since European settlement of the area, extensive cultivated areas. In the groves aspen generally forms the lone dominant, but on poorly drained soils balsam poplar (Populus balsam@ra L.) may be codominant. Some flood plain communities in the parkland region, especially in the eastern half of Saskatchewan, contain mixtures of aspen, balsain poplar, Manitoba maple (Acer negtindo L.), American elm (Ulmus amel-icana L.), and green ash (Fraxitzus pennsylvanica Marsh. var. subintegerrirna (Vahl) Fern.).
Groves of aspen generally become more widely dispersed and smaller the further south they occur in the parkland. However, in areas with sandy soils rather extensive stands exist, probably because of high water tables. Immediately south of the parkland, but still in the dark brown soil zone ( Fig. I) , the groves are no longer a constant distinctive feature of the landscape. There they are widely scattered and usually associated with specific topographic features such as sloughs, rivers, and depressions (25) . Still further south aspen gives way almost entirely to grassland in the brown soil zone. It is usually to be found only around north-facing gullies on river banks and hills, such as in the Fir Mountain and Wood Mountain regions and on the eastern edge of the Cypress Hills formation. Maini (25) believes that the aspen groves in Saskatchewan are relics of a once more extensive postglacial forest. He considers that until European settlement the groves were restricted by widespread prairie fires. However, since settlement and the concomitant control of fires the groves have tended to spread into adjacent grassland, except where cultivation has prevented it, or in the more arid southerly regions where the groves appear to have already reached the limit of their potential.
Methods
The methods in this study were comparable to those of similar studies (8, 30) . Soil samples were collected from stands of aspen in the period of June to August, 1966. Although it would have been desirable to collect them all in a shorter space of time, this was not possible, and in any case, other studies have shown that seasonal fluctuations in soil microfungal populations tend to be more quantitative than qualitative (7, 29) . The stands to be sampled were selected as follows. A 1966 Official Provincial Department of Highways and Transportation Highways Map of Saskatchewan was divided into 32 approximately equal rectangles. The nearest point to the center of each rectangle on any road indicated on the map was marked as a starting point for locating a stand in that rectangle. When each area was visited an attempt was made to choose the aspen stand nearest to the presumed marked point that fulfilled the criteria of being at least 100 paces in circumference, and being relatively free of grazing or other types of disturbance. In many parts of the province this resulted in stands close to the rectangle centers; however, in more northerly regions the stands were often far from the rectangle centers because of lack I of roads, and in the southwest they were far from the I centers because their rarity made extensive scouting around the marked point necessary for them to be found I at all. Indeed, in the time available it was not possible to I I locate a stand in one of the southern rectangles. No attempt was made to visit and sample in several rectangles in the northeast of the province, since it was felt that there ! i were already sufficient stands of a similar type in the study. In one rectangle in the southwest an additional stand was arbitrarily added to increase the number from that geographic region. The approximate locations of all Soil samples were collected at six sites along a transect across each stand. The distance between sites was usually at least 10 m, but in a few small stands it was less. The soil samples were collected in sterile vials from the wall of a soil pit in a manner similar to that used in a previous study (30) . However, in view of the variation in soil profiles between stands, especially those situated in different soil zones, it was decided always to collect soil from the uppermost part of the first predominantly mineral horizon. The samples thus varied widely in humus content. Duplicate samples were collected at each site to provide soil for both microfungal and physical analyses. The samples were placed in cooled thermos containers for a maximum of 4 days until they were taken to the laboratory, whereupon they were frozen until processed. At the same times that the samples were collected, notes were made on the following pl~ysiograpluc features of each stand: size, shape, status of stand relative to surrounding vegetation, size of the trees, presence of arboreal species other than aspen, presence of predominant associated herb and shrub species, and soil profile.
The analyses of microfungal communities from the six soil samples which represented each stand were done by a dilution plate method almost identical with that of an earlier study (30) . The relative merits and shortcomings of the dilution plate technique, and the selectivity of media used for isolation, have been discussed by a number of workers (1, 8, 29) . It is sufficient to state that in the present study the technique was considered the most convenient and suitable with the time and personnel available. One milliliter portions of 1 0 -h a d 2 X 10-4 dilutions of the soil samples were plated on acidified soil extract agar (45). After 3 days of incubation at room temperature the numbers of fungal colonies per plate were counted, and 30 colonies were taken at random from each set of plates representing a soil sample and transferred to potato dextrose agar slants (30) . After incubation the slant cultures were sorted into entities (presumptive species), the number of isolates of each entity was recorded, and representative isolates of each entity were retained for later identification or matching with entities from other stands. Subsequently, although various culture media were used and several specialists were consulted, it was not possible to induce all these entities to sporulate, nor was it possible to fully identify all the sporulating cultures.
The duplicate soil samples collected in the stands were used to determine three characteristics of the soils. Hydrogen ion concentration was determined on a Beckman Zeromatic pH meter using a soil suspension consisting of about three parts of distilled water to one of soil. Moisture content was determined by oven-drying samples at 10j°C for at least 48 h, and the percentage loss in weight on ignition (i.e. the organic matter content) was determined by ignition of a sample for 2 11 at about 600°C. Mean values and standard deviations for each of these three factors were calculated from the six values for each stand.
Analysis of Data
The plate counts of fungi and the records of the numbers of isolates of each cultural entity, referred to above, permitted the calculation of both total numbers of fungal propagules per gram of soil, and densities and relative densities of individual microfungal species for each stand. However, these variables are not presented in this paper, neither were they used in analyses of the data, because of the well-known limitations of the dilution plate technique as a means of determining fungal populations. Nevertheless, the data are available, on request, from the author. In the analyses of community relationships the variable used as a measure of species performance was percentage frequency, essentially a measure of consistency of occurrence of a species in a community. This was determined by calculating the number of samples of occurrence of a species as a percentage of the total number of samples from the stand (total number = 6). Frequency is not as greatly influenced as other variables by the tendency of the isolation technique to favor abundantly sporulating forms.
In the analyses an additional restriction was placed on the data. To guard against possible overemphasis of the importance of quantitatively verv rare forms. which could have been either ephemeral constituents of the soil microflora, or even contamina~lts on the isolation plates, rather than significant permanent residents of the soil community, only some species were used in the analyses. It was decided arbitrarily that, to qualify for inclusion, a species (or entity) must have either (a) occurred in five stands or more or (b) occurred in at least one stand with a frequency value of at least 83y0 or (c) occurred in at least two stands with frequency values of 50y0 in each. Only 51 entities fulfilled these criteria.
Some statistical and other techniaues to analyze populations and communities of fungi have been reviewed recently by Kent and Dickinson (14, 24) . Similarly Jesberger and Sheard (23) have discussed the more specific application of ordination techniques, and numerical methods of community classification, to the interpretation of cryptogamic (and other) community relationships. Their work suggests that when multivariate data are not readily interpretable by subjective assessment, it is worthwhile attempting several methods of quantitative analysis. 1n the present study three iypes of analysis of community relationships were used. These were principal components analysis (P.C.A.) 'Q' analysis (33) on the untransformed frequency data, P.C.A. 'Q' analysis on zerotransformed frequency data (44), and agglomerative classification (34) on the untransformed frequency data. More information about these procedures is given elsewhere (23) . The results of P.C.A. are usually displayed as an ordination, and those of agglomerative classification as a dendrogram. Both methods are designed to determine objectively which coinmunities are most similar to each other and their relative relationships to other communities.
The 'R' analysis of P.C.A. (33) was also performed on the zero-transformed frequency data. This is an analysis of species relationships based on their cooccurrence in different communities; it was used simply as a convenient means of arranging the species list in a logical sequence (see Results). All analyses referred to in this section were performed on an IBM 360 computer using programs supplied by Dr. J. W. Shcard.
Results
The 180-member populations representing the microfungal communities from the 26 aspen stands were characterized by large numbers of quantitatively rare forms (Table 1 ). Of the 205 taxonomic entities to which the isolates were finally reduced, none occurred in all 26 stands, one occurred in 24 stands, and the rest occurred in 20 stands or less. Ninety-six entities occurrcd in only one stand and inspection of the raw data showed that most of these had very low frequency values in those stands. This is similar to the findings of related studies (8, 30) . The number of species or entities isolated from each stand varied considerably, both including and excluding the quantitatively rare forms. Table 2 shows that the number of entities per stand varied from 17 to 49 with a mean of 27.9. The number of species per stand used in the subsequent ordinations, a rough indication of the less rare forms, ranged from 9 to 28 with a mean of 18.5.
The frequency values for the 51 principal microfungi in the 26 stands are indicated in Table 3 , while the identity of the remaining 154 entities from the study is shown in a footnote to the table. The entity which occurred in the largest number of the stands (i.e. in 24), Trichoderma viride, is now considered by Rifai (39) to comprise several species aggregates. Identification of T. viride was done and the isolates discarded before the publication of Rifai's monograph; hence, its apparently wide ecological amplitude may be insignificant. In any case, the importance of the entity may be less than suggested by its wide range as its frequency in many of the stands was low. The mean frequency of T. viride in the 24 stands in which it occurred was 49.70j0. It is dubious whether any other species or entities can be considered characteristic of aspen soils in Saskatchewan. None occurred in more than 20 stands out of the 26. Penicillium pinetorum occurred in 20 stands and I Penicillium lanosum in 19, but these stands I represent only 770jo and 730jo of the total, respectively. Despite the lack of very widely distributed species, it is clear from Table 3 that a number of species which occurred in 17 or fewer stands, and had high frequency values in many of I these, were characteristic of certain types of stand.
In an attempt to understand community relationships, as well as species performance in the stands, both P.C.A. and agglomerative classifications were used (33, 34) . As indicated in Methods, P.C.A. was performed on both raw and zero-transformed frequency data; however, only the results of the analysis of zero-transformed data are presented here in detail since there was little difference between the ordinations based on the two types of data. In fact, neither of the ordinations could be considered highly successful according to the criterion of the percentage of the total variance in the data accounted for by the first few axes of the ordination. This percentage is, in essence, a measure of the extent to which the ordination has simplified the data matrix by 4  3  0  6  2  3  0  0  3  3  3  5  2  Yeasts  2  1  1  2  1  3  2  2  1  0  1  3  3   Cylindrocarpon  3  1  2  1  2  2  2  0  3  3  0  3  0  Pllialophora  1  2  1  3  2  2  2  1  2  1  6  6  3  Cladosporillm  1  1  2  1  2  1  2  1  1  2  1  2  1   TABLE 3 Frequency percentages for the principal microfungi* in relation to the first axis of the principal components analysis of zero transformed data?
Stand numbers 11 treating correlated species as single factors and displaying their relationships to other factors with which they are not correlated. In the ordination of zero-transformed data the first five axes accounted for 60% of the variance, whereas in the ordination of untransformed data the corresponding figure was 52%. The first three axes, which are used to plot the ordination in Fig. 2 , accounted for only 47% of the total variance of the zero-transformed data. Figure 2 shows that the ordination produces a distinct clustering of only one substantial group of stands, namely Nos. 10-14 and 17-20. Not only are these stands fairly tightly clustered, but on the first ordination axis they are quite widely separated from the remaining stands, suggesting that they are quite distinctive in their attributes (i.e. species frequencies). The remaining stands are quite widely scattered in the ordination, suggesting that they have little in common with each other, except for being different from the nine stands in the cluster. Possible exceptions are stands 21, 24, and 26 and stands 22, 6, and 16, which are close to each other on all three axes; however, these do not form clusters of the magnitude of the other.
Agglomerative classification of the stands developed a picture of relationships ( Fig. 3) with some similarities to that from P.C.A. In a dendrogram produced by agglomerative classification the relative similarity of two entities is indicated by the level at which they fuse on the vertical axis (termed the percentage classification efficiency level). Thus, in Fig. 3 the two most similar stands are Nos. 11 and 13, and the stand which is least similar to all others is No. 7 because it is the last individual stand to fuse with one or more other stands in the hierarchy of the dendrogram. None of the stands is highly similar to any other inasmuch as no fusions occur below the l0y0 classification level. Moreover, there is little indication of discrete groups of stands, since there is generally a gradual fusion of stands between the 10% and 75% classification levels, rather than fusion of several stands with each other at a low level, followed by no further fusion until a high level is reached. According to this latter criterion the most distinctive group is that Fig. 1 ). comprising stands [10] [11] [12] [13] 19 , and 20, which is apparent as a group at the 35y0 level but does not fuse with other groups until the 75% level. This group includes part of the major cluster that occurred in the ordination (Fig. 2) but excludes stands 14, 17, and 19 which did, however, occur towards one extreme of the cluster. These three stands also comprise a fairly discrete subgroup in the dendrogram. Similarly, stands 9, 15, 16, and 22 comprise a fairly discrete group both in the dendrogram (Fig. 3) and on the first two ordination axes (Fig. 2) . The greatest discrepancy between dendrogram and ordination is with respect to stands 5, 6, and 7 (Figs. 2, 3) .
The distribution patterns of seven species or entities of microfungi in the ordination produced by P.C.A. is shown in Fig. 4 . The seven were selected arbitrarily to show a range of patterns other than those of the three most widely distributed entities, T. viride, P. pinetorurn, and P. lanosu/.rz, which were mentioned above. Thus, Mortierella isabellina and Firsariurn oxysporum are rather narrowly restricted in their distributions, but in different parts of the ordination, M . vinacea WSF 400 and P. restricturn are less narrowly restricted but again tend towards different parts of the ordination, and the remaining three entities, Aureobasirliltmp~~llukans, Plzonza pzltanzinttrn, and Penicillium canescens I, are intermediate between the others. Most of the other species in Table 3 would show similar patterns to one or other of the seven, if plotted in the ordination in the same way. Such patterns are, of course, to be expected in view of the method of construction of the ordination. Even the widely distributed entity, T. viride, is somewhat restricted in the ordination in terms of high frequency of occurrence. It appears to be correlated with the first axis inasmuch as frequency values increase steadily along the axis ( Table 3 ).
The distributions of several supraspecific taxa of microfungi in the stands are illustrated in Table 2 . Although the criterion of performance of a taxon here is the number of species of that taxon present, the raw data strongly suggest that similar relative values in the different stands would have occurred if the criterion had been a measurement of density or frequency. While Perzicillium or Mucorales occurred in practically every stand, both were clearly more abundant in some stands than others, and there seemed to be an approximate relationship between both taxa and the first ordination axis. Furthermore, there was a crude inverse relationship between the abundance of one taxon and the other. On the other hand the yeasts and Clac/osl~orium seemed to be rather evenly distributed among the stands. Cylirzdrocarpoiz and Pl~ialophora were absent from some stands and seemed to show some relationship in their abundance with the first ordination axis. Finally Fusariui~z, a genus highly restricted in distribution among the stands, showed a rather strong relationship with the first axis.
A variety of environmental data for the 26 aspen stands is shown in Table 4 . In this table an attempt has been made to display possible relationships between environmental factors and microfungal community structure by arranging the stands in the order of their occurrence along the first ordination axis and by judicious arrangement of the list of herb and shrub species from the stands. Subjectively it appears that there are relationships, albeit sometimes crude ones, between the first ordination axis and the following factors: pH and percentage loss in weight on ignition of the soil, tree height, the presence of all arboreal species combined other than aspen, and the presence of several of the herb and shrub species. For example, the values for both edaphic factors are consistently lower to the left side of Table 4 than to the right, and arboreal species other than aspen, in particular balsam poplar, do not occur in the right half of the table. With the predominant herb and shrub species, a substantial number are restricted to the left half of the table, but none seem to be as restricted in the right half. Species that tend towards the right half are usually more widely distributed through the table. Figure 5 represents another attempt to relate an edaphic factor with the composition of the microfungal communities; in the figure the relationship of the soil zones of Saskatchewan (Fig. 1) to the first two axes of the microfungal ordination is shown. Only a limited correlation of soil-zone type with microfungal community composition is implied. The only soil zones which appear to correlate with the ordination are the grey wooded zone and perhaps the dark grey zone. The dark grey soil zone falls adjacent to the grey wooded zone on the first ordination axis, thus paralleling the geographical or pedological relationships, but this kind of trend is not continued with the other soil zones. The black, dark brown, and brown zones are quite mixed at the other end of the first axis and are similarly mixed relative to the second axis. Of course, soils in stands on hillsides and in gullies may be expected to be azonal. However, this would apply to only stands 5, 6 , and 7 in the present study, and even if those stands are ignored in Fig. 5 , the black, dark brown, and brown soil zones remain mixed relative to the two axes.
SECOND AXIS
FIG. 5. Relationship of major soil zones of Saskatchewan (see Fig. 1 for key) to the first two axes of the ordination of microfungal communities (see Fig. 2 ). Solid lines encompass all stands in a particular soil zone. Numbers are aspen stand numbers (Fig. 1 ).
Discussion
The community characteristics and species of microfungi found in this study were neither unique nor unusual. This was no doubt partly due to the selective isolation method used. In addition, some other studies of soil microfungi have been done in areas with similar vegetation and similar soil types (3, 4, 8, 30, 35) . In those where similar isolation methods were used the communities have usually been characterized by a large number of quantitatively rare forms (8, 30) . While these may be important components of the communities from which they are isolated and only seem unimportant because they fail to sporulate heavily in soil, the possibility that they are mere chance ephemerals, or even contaminants on the isolation plates, means that they should be ignored for analytical purposes. Thus, in this study, the ordination and agglomerative classification were done using only about 25% of the species or entities isolated. Of these 25%, the ones that were identified to species have practically all been reported commonly before from soil. This is probably a reflection of the fact that the values of the edaphic factors measured in this study were all within the range of values of commonly encountered soils, and, indeed, soils in which microfungal surveys have been made.
The quantitative methods used in the study were of limited success in clarifying community relationships and species interactions with environmental variables. One substantial and very discrete group of stands emerged from the analyses, but the distinctiveness and similarity of these stands might have been apparent even without the use of sophisticated techniques. The group in question is that comprising stands 10-14 and 17-20; all of these are fairly tightly clustered in the ordination (Fig. 2) . The same nine stands are at the extreme left of Table 3 , which was constructcd on the basis of the first ordination axis. The stands have a distinctively boreal nature. Most of the species which are restricted to, or peak in, the nine stands (approximately the first 14 species in Table 3 ) have been found to be common boreal forest soil microfungi (30) . Similarly, Table 2 shows that Mucoralcs were relatively more abundant in these stands than in the others. Moreover, seven of the stands occur in the grey wooded soil zone in the northern part of Saskatchewan (Figs. 1, 5 ). The two which do not, Nos. 17 and 18, occur in the adjacent dark grey soil zone. The seven stands from the grey wooded soil zone are also distinct in their values for soil pH and percentage loss in weight on ignition (Table 4 ).
It is interesting that in the dendrogram from agglomerative classification (Fig. 3) the nine "boreal" stands fall in two groups, one consisting of six stands from the grey wooded soil zone and the other consisting of stands 17 and 18, plus stand 14 from the grey wooded soil zone. Stand 14 is, perhaps, rather different from most of the other boreal forest stands in that it contains a relatively large proportion of successional white spruce, but it has no obvious physiognomic or edaphic similarities with stands 17 and 18 (Table 4 ). Thus, the environmental basis for the similarity of microfungal community characteristics in these three stands is obscure. Another interesting feature of the dendrogram is the fusion of the same group of three stands with stand No. 7, a stand from the extreme south of Saskdtchewan in the brown soil zone. This suggests a greater similarity of stand 7 with the group of three than with any other stand or group of stands in the study. The similarity, though not necessarily strong, is scarcely suggested by the ordination as it has an isolated position in the diagram plotting the first axis against the second (Fig. 2 ). Stand 7 is rather unique as it is located in a gully on a north-facing slope, considerably elevated above the surrounding terrain and apparently very isolated from other aspen stands. Table 3 shows that it has a high frequency of at least one species normally restricted to more northerly regio~ls, namely, Mortierella vinacea WSF 400. It is thus tempting to speculate that the stand may, indeed, be a relic of a more extensive postglacial forest (25) which has remained relatively static while other stands of aspen in the south of Saskatchewan have changed. However, it must be recognized that the stand also contains the ubiquitous entity, Trichodemn~a viride, and a high frequency of Penicillium restrictunz? a species which is primarily associated with distinctly non-boreal forest areas in Saskatchewan (Table 3) . Furthermore, speculation on the basis of a single stand is dangerous.
The relationships of the 17 non-boreal stands are less clear than those of the 9 boreal ones. Neither the ordination (Fig. 2) nor the dendrogram ( Fig. 3 ) indicate strong clustering of them, although clustering should not necessarily be expected. However, clear relationships of community composition with the measured environmental variables ( Table 4 , Fig. 1 ) are not revealed by the two methods, either. Thus, considering all 26 stands together, the various ordination axes do not clearly reflect many trends, except for the very crude trend from boreal to non-boreal along thc first axis (Table 3 and Fig. 2 ) and associated trends in soil pH, % loss in weight on ignition, and presence of certain herb and shrub species (Table 4 ).
If stands 5, 6, and 7 are excluded on the grounds that they were on hillsides, possessed azonal soils, and, therefore, were atypical, there are perhaps three discrete clusters in relation to the first two ordination axes (Fig. 2) . One comprises the nine boreal stands, the second comprises stands 9, 15, 16, and 22, and the third comprises stands 1, 2, 3, 4, 8, 21, 23, 24, 25, and 26. The second cluster includes stands mainly on dark grey soils and the third a mixture of stands on black, dark brown, and brown soils. In this respect the first ordination axis effects a rough NE to SW separation of the stands that relates to the diagonal vegetational and soil zones of the province. However, inspection of the species list in Table 3 suggests that the two non-boreal clusters are less distinctive in species composition than the boreal group. There are no species con-fined to the small cluster of stands, and there are very few (e.g. F~uarium oxysl~orum) confined to the southwestern cluster of 10 stands. While the small cluster has affinities with both of the others (Table 3) , there seem to be a larger number of non-boreal stand species (e.g. Penicilli~rrn canescerzs) than species found both in the boreal stands and in the four in the small cluster (e.g. Aureobasidium pull~rlarzs). Finally, it must be recognized that the basis of this argument (i.e. exclusion of stands 5, 6, and 7) may be unjustified.
It is apparent from Table 3 and Fig. 4 that generally microfungal species are either primarily boreal, ubiquitous, or primarily nonboreal. Many of the species which are wholly or primarily non-boreal are actually characteristic grassland microfungi. For example, the genus Fusarium ( Table 2 ) has long been known to be associated primarily with grassland soils but not forest soils (7, 35) . Similarly, in other work in Saskatchewan (Morrall, unpublished, and (43)) Penicillium canescens, P. restricturn, P . roseopurpureum, Paecilomyces nzarquandi, and Crypto-cocc~ls albidus var. dzfluens were all found to be abundant in a grassland soil. Thus, it is possible that most of the non-boreal aspen stands may be stands of recent origin, where aspen has replaced grassland. Such a situation is consistent with Maini's observation (25) that many aspen g-oves have spread since European settlement of Saskatchewan. The grassland characteristic of the microfungal communities in these aspen groves is paralleled to some extent by the herb and shrub communities and by edaphic factors such as soil pH (Table 4 ). Moreover, notes made on the soil profiles in the groves at the time of sampling indicate that few of the profiles in groves in the black, dark brown, and brown soil zones were degraded to an appreciable extent, as might have been expected in an area where trees had been present for a long period. One possible exception to this was stand No. 7, which was discussed above and which may have a unique status.
Of numerous studies of soil fungi in the last 90 years those most closely related to the present study were in Wisconsin (8, 9, 10, 19, 20, 31, 35, 45) and Saskatchewan (29, 30) . Most of these were done in forest vegetation, and they all used similar methods of isolation. All of the cited studies indicated that soil microfungi tend to form continua, rather than discrete communities. Several methods of ordination were used. Some were based on vegetation (35, 45) and others on microfungal community composition (8, 10, 30) , but in either case it was usually possible to superimpose in a meaningful way the distribution patterns of one group of organisms on the ordination based on the other group, i.e. so as to depict associations. A possible exception was the Saskatchewan study (30) , but this may have been due to the low number of microfungal communities sampled. This latter study (30) is especially pertinent, since it included stands containing Populus trernu1oide.s. Two stands out of a total of 10 boreal forest stands had substantial quantities of aspen relative to other trees. Both contained a number of fungi quite commonly isolated in the present study, especially those from the boreal aspen stands, e.g. Mor-tierelkc1 nana, M. ramarzniana, M. vinacea, Paecilonzyces carrzeus, Penicillizrrn pirzetorum, Trichoderma album, T. viride, and Verticillium terrestre. However, Cladospori~rrn herbarum, Clzrysosporiunz sp. (= C. pannorunz), M. isabellirza, and Pullularia pzrllulans (= Aureobasidium pullulans) were each isolated from only one of the two stands (30), although they were common in the present study. Finally, Perzicilliur~z lanosum, almost ubiquitous in the present study, was isolated from neither of the two 'aspen' stands but was from some others (30) . The total number of species which were isolated from the two 'aspen' stands (29) were 24 and 38, which are comparable to the values for the present study.
One of the Wisconsin studies (8) also included stands dominated by Populus trenzuloides, and these, too, contained some of the common microfungal species isolated in the present study. A wide range of vegetation types other than aspen forest was also sampled, and an ordination of the total of 36 microfungal coinmunities was constructed, using frequency as the measure of species performance. The first axis of the ordination produced an arrangement of communities with high frequencies of species such as Mortierella isabellina and M. rzarza at one end and Triclzodern7a viride at the other. This is remarkably similar to the first axis separation in the present study (Table 3 ). In the Wisconsin study the axis was correlated with litter base content and podzolization; Mortierella spp. were associated with low litter base content and high podzolization. While these two environmental variables were not, unfortunately, measured in the present study, it may be inferred that ~o r h r e l l a spp. were usually associated with more podzolized soils (15, 28) since they were most frequent in the boreal forest stands on grey wooded soils (Table 3' 1.
The present study confirms the typical microfungal species composition of boreal forest aspen stands (8. 30' 1 and demonstrates that these \ , , species are relatively distinctive compared with those of other aspen stands in Saskatchewan. Most of the species from the other stands are best described simply as 'non-boreal' ; frequently they have also been isolated from grassland soils. Thus, even judging by the few variables measured in the present study, the 'non-boreal' species probably have a wider range of pedological relationships than the specialized boreal species.
